Evolutionary gene duplication, developmental endoreduplication and selective gene amplification are alternative strategies for increasing gene copy number. When these processes occur together, things get really interesting, and new work shows that is the lifestyle of cells in the placenta.
Genomes are rapidly changing during evolution through mutations, as well as through gene-duplication events that create gene families. It has become clear that somatic cells also undergo genomic changes that are associated with new functions. Amplification of oncogenes is a common occurrence in cancer cells [1] , and is presumably selected for by giving a growth advantage to cells. Endoreduplication is widely recognized during development of some cell types in plants, insects and mammals [2] , and represents a more widespread amplification of genes, and results in polytene chromosomes. In mammals, trophoblast giant cells of the rodent placenta show extensive endoreduplication, doubling in DNA content for each round of DNA replication, and can reach a DNA content equivalent of over 1000 copies of the genome (Figure 1 ) [3, 4] , and it had been assumed for years that endoreduplication in trophoblast giant cells covered the entire genome. However, it was recently shown using new-generation genome analytical tools that, while the entire genome is polyploid, about 5% of the genome is relatively under-replicated [5] . In a report recently published in Current Biology, Roberta Hannibal and Julie Baker extend their analysis with even more sensitive methods and identify regions that are relatively over-replicated, representing less than 0.2% of the genome [6] . These regions include genes that are highly expressed in trophoblast cells but, amazingly, these regions encompass large multi-gene families that arose through gene duplication.
The mouse placenta contains several subtypes of trophoblast giant cells that differ in location within the placenta, cell lineage origin and the extent of polyploidy [7] . Hannibal and Baker focused their analysis on the parietal subtype of trophoblast giant cells, which are the first to form in the placenta, achieve the highest ploidies, and line the embryo implantation site and so are the easiest to isolate. Relative gene copy number across the genome was assessed at high resolution by using whole-genome sequencing, and then confirmed by digital droplet PCR, which is a probabilistic method for quantification, as it divides each PCR reaction into 20,000 droplets. Over-replicated parts of the genome occurred in five regions covering 4.7 million base pairs of the mouse genome. All five amplified regions contain gene families expressed in the placenta and thought to be important for normal pregnancy. One region is on mouse chromosome 6 and includes the NK/CLEC complex involved in interactions of natural killer cells in the Current Biology 26, R157-R179, February 22, 2016 ª2016 Elsevier Ltd All rights reserved R177 Current Biology Dispatches innate immune system. In humans, polymorphisms in the equivalent system (KIR/HLA-C) are associated with risk of preeclampsia and intrauterine growth restriction [8, 9] . Interestingly, the other four regions occur on chromosome 13 and encompass two regions encoding prolactin-like hormones, and the others encoding proteins similar to serine protease inhibitors (serpins) and cysteine proteases (cathepsins). The function of placental serpins and cathepsins is poorly understood, but the placental prolactin-related genes have been extensively studied with respect to expression and function [7, 10, 11] .
There are several mechanistic questions raised by the findings of Hannibal and Baker. There must be sequence or epigenetic signatures that define the regions to be over-amplified and something must define the boundaries of the regions that are 1 megabase in size. The latter was investigated by assessing copy number from several genes within a single amplified region and, in general, the genome was more amplified in the central regions. For the larger prolactin-related gene locus, at least, parietal trophoblast giant cells express genes from all across the locus and the central region includes genes not expressed in those cells or their progenitors [10] . Temporal or spatial expression of the placental prolactin-related genes does not correlate with position within the locus. Interestingly, Hannibal and Baker found evidence for a single enhancer with the center of the large prolactin-related gene locus from ChIP-seq data assessing the histone modifications H3K4me1 and H3K27ac. The finding of both over-and under-replicated regions of the genome in trophoblast giant cells begs the question as to whether or not the amplification and under-replication are regulated by a common mechanism. Analysis of Rif1 mutant mice indicated that the timing of DNA replication was important for under-replicated regions but not over-replicated regions. The excess firing of origins of DNA replication at amplified regions likely requires more complex mechanisms, especially given that trophoblast giant cells endoreduplicate their entire genomes. Determining how adding a round of DNA replication in small regions is accomplished will require different approaches. It is important to know if over-replication occurs at the same time, as more widespread endoreduplication, or if it begins after endoreduplication stops.
Gene amplification is very interesting in its own right. However, it is even more interesting, if not baffling, to think about the functional significance of amplifying regions of the genome that already contain gene duplications, and in cells that have already committed to replicate their entire genomes to become polyploid. Clearly there is an evolutionary advantage to increasing gene copy number, but are these three mechanisms simply accomplishing the same thing? For me, the fact that they occur together in one cell type suggests not. Gene duplication events have functional significance over evolutionary time, whereas endoreduplication and gene amplification occur in developmental time. The NK/CLEC, prolactin, serpin and cathepsin gene families are rapidly evolving and indeed are rodent specific. With respect to the placental prolactin-related hormones, the duplicated genes have diversified functions, as not all can bind the prolactin receptor [12] . Entry into endoreduplication appears to occur in the G2 phase of an otherwise normal start of a mitotic cell cycle but, instead of progressing through mitosis, the cells go through another round of DNA synthesis [4] . This appears to be regulated as a normal developmental event occurring in all cells. By contrast, the under-and over-replication is on average less than one round of DNA replication per cell -28-54% less for under-replicated [5] and 22-37% more for over-replicated [6] regions compared with the rest of the genome. It will be important to know how much variation occurs between cells, why some cells over-replicate and others don't, and how much of a difference copy number makes in gene expression. This sort of variation suggests that selective gene amplification is fine-tuning to suit the needs of some cells.
Like all great discoveries, the sophisticated bag of tricks that trophoblast giant cells use to alter gene copy number forces us to think about Trophoblast progenitor cells exit the mitotic cell cycle and undergo rounds of DNA replication without intervening mitoses (endoreduplication), leading to increased ploidy. High-resolution quantification of DNA content shows that small regions of the genome are relatively under-replicated (5% of genome in 47 loci) and others over-replicated (0.2% of genome in 5 loci). Genome is not drawn to scale. gene copy number in a different way. The surprises likely aren't over.
